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HISTORY  Or  SOLID  STATE  BATTERIES 
Boon#  B.  Owens  and  M.  Z.  A.  Munshi 


Department  of  Chmical  Engineering 
and  Materials  Science 
Corrosion  Research  Center 
University  of  Minnesota,  Minneapolis,  ^  55455 


Solid  electrolytes  have  been  of  considerable 
Interest  because  of  the  possibility  for  fabricating 
batteries  that  would  exhibit  enhanced  stability  and 
operate  over  a  wide  temperature  range.  The  scientific 
activity  devoted  to  this  field  has  been  a  function  of 
the  availability  of  solid  electrolyte  materials. 

Prior  to  1965  there  were  limited  materials  that  exhib¬ 
ited  Ionic  conductivities  of  sufficient  magnitude  for 
a  practical  battery  (1,2).  Whereas  liquid  electro¬ 
lytes  exhibited  conductivities  of  nominally  one  S/cm 
solid  alaccrolytaa  exhibited  conduct ivl ties  of  leas 
than  10“$  S/cm.  It  wee  known  that  certain  solid  eiec- 
trolytss  exhibited  "liquid  Ilka"  conductivity  values 
of  one  S/cm  at  elevated  temperatures.  The  high  tem¬ 
perature  phaaee  of  the  silver  halides  and  sons  cuprous 
halldts  exhibited  this  characteristic.  However,  at 
ambient  temperatures,  the  stable  crystal  structures 
exhibit  very  limited  Ionic  mobility. 


Early  Investigators  of  solid  state  betterlee  deve¬ 
loped  several  electrochemical  systems  for  low  power 
ordinance  applications  during  the  lata  1950s,  as  shown 
in  Table  i  (3,4).  These  cells  had  very  high  Internal 
resistances  and  wars  limited  to  current  densltlee  of  e 
few  micromtpe/cm2 .  Since  most  of  theee  cells  were 
baaed  on  silver  ion  conducting  electrolytes  it  wee 
necessary  to  use  silver  as  the  anode;  therefore  the 
ceil  voltages  and  tha  anergy  densities  wars  quits  low. 
nonetheless,  thesa  batteries  did  eidiib it  long  shelf- 
life  and  good  mechanical  stability. 


Tha  major  limitations  of  low  spaclflc  energy  and 
power  were  due  to  the  solid  state  of  the  electrolyte 
materiel.  Consequently,  battery  scientists  interested 
in  Improved  solid  stats  betterlss  had  to  devalop  mors 
conductive  solid  electrolyte  elements.  This  could  be 
achieved  by  finding  new  structures  In  which  the  tonic 
transport  occurred  more  readily,  or  by  developing 
techniques  for  fabricating  the  electrolyte  in  e  very 
thin  configuration  with  high  surface  area.  Both  of 
these  approaches  were  followed  during  the  subsequent 
twenty  years.  The  discovery  of  highly  conducting 
double  salts  of  silver  coi^ounds  led  to  the  develop¬ 
ment  of  solid  state  cells  in  which  ths  Intsrnel  resis¬ 
tance  wee  proportionately  reduced.  Ag3SI  had  an  ionic 
conductivity  of  0.01  S/cm  at  ambient  temperature  and 
RbAg4l5  had  a  valua  of  0.27  S/cm.  These  salts  were 
combined  with  silver  anodes  and  the  resulting  cells 
wera  capabla  of  currant  drains  in  excaaa  of  100  oA/cm*. 


The  use  of  polylodlde  cathodes  resulted  In  cells, 
of  the  types  Ag/RhAg^^/Me^I}  capable  of  efficient 
discharge  over  a  wide  tamparatura  rang#.  Bacausa  of 
the  absence  of  phase  transitions  stable  performance 
wee  observed  between  -40  and  +70aC.  Eurthar,  thaaa 
•olid  state  calls  could  be  stored  as  actlva  primary 
call*  for  over  10  years  (5).  Although  ths  systmi  per¬ 
formed  relatively  efficiently,  Inherent  limitations  of 
coat  end  anergy  content  restricted  their  application. 
Nonetheless,  It  did  Illustrate  the  feasibility  of 
totally  solid-stata  batteries  chat  could  accommodate 
the  volume  changes  eeaoclated  with  cell  discharge  re¬ 
action  end  give  efficient  performance  over  an  extended 
period  of  time  and  a  wide  rang*  of  temperature. 


The  development  of  more  energetic  solid-state  bat¬ 
teries  focused  on  the  use  of  llchlum-lon  conducting 
materials  with  lithium  anodes.  Lithium  lodlds  is  ths 


most  conductive  of  the  alkali  metal  halides,  10”^  S/cm 
at  ambient  temperature.  Liang  (6)  discovered  the  ad¬ 
dition  of  a  dispersed  phase,  such  as  AI2O3,  Increased 
the  conductivity  by  about  2  orders  of  magnitude. 

Liang  and  colleagues  developed  a  commercial  lithium 
solid  state  battery  using  various  polyvalent  metal 
salts  as  the  cathode.  The  internal  resistance  of  the 
cell  was  reduced  by  fabricating  the  electrolyte  as  a 
very  thin  layer,  but  the  cells  were  Limited  to  fairly 
modest  current  drains.  The  cells  did  exhibit  excel¬ 
lent  storage  life  at  high  temperature*  such  as  I00*c. 


Tha  development  of  the  tn-sltu  electrolyte  battery 
based  upon  the  use  of  e  Lithium  anode  with  an  Iodine- 
complex  cathode  resulted  in  «  cell  thae  found  wlde- 
sprtad  use  in  cardiac  pacemakars.  That*  calls  are 
fabricated  by  contacting  tha  anoda  with  tha  cathode  so 
chat  the  electrolyte  L1I  forms  lrt-sltu  as  a  very  thin 
layer. 


Other  techniques  for  obtaining  mors  conducting 
elactrolyta  elements  In  solid-stata  calls  hava  In¬ 
cluded  tha  development  of  both  glass  and  polymeric 
electrolytes.  Solid  electrolyte  batteries  for  ambient 
temperatures  have  evolved  through  the  following  stages, 


Crystalline  ionic  solid  electrolytes  -  (Agt) 
Double  salts  -  (RbAg^j) 

Dispersed  phase  electrolytes  -  (LII-AI2O3) 
Cer mile  compounds  -  (Na-3"-Al20) ) 

In-sltu  formed  elactrolyta  -  (Lil) 

Glass  alactrolytaa  -  (LII-LI2S-P2S5) 

Polymer  alactrolytaa  -  (PEOg-LlClO^) 


Little  commercialisation  has  occurred,  but  in  tha  spe 
c laity  areas  the  solid  state  batteries  may  be  quits 
useful  for  highly  stable,  long-life,  low  power  appli¬ 
cation!. 


Strly  Solid 

TABLE  l 

Electrolyte  Battery  Systoa  (3,4) 

Sy.caw 

Cell  potential  (volts) 

A*M*I/V2C>5 

0.46 

Ag/AgBr/CuBr2 

0.74 

Ag/AgBr-T*/CuBr2 

0.80 

A*MgCl/KICU 

1.04 

Yl-Cr/SnSO./PbOj 

1.2-1. 5 

Ac  k  now  1  edg  ament 


This  work  waa  supported  in  pare  by  the  Office  of 
Havel  Research. 


Referencee 


Poley,  R.T.,  J.  Electrocham.  Soc.  116,  161  (1969). 
Owens,  B.S.,  "Solid  Electrolyte  Batteries,"  Voi.  8, 
Advances  in  Electrochemistry  and  Elect roch sale a 1 
Engineering  (P.  Oelahay  end  C.  Toblae,  eda.)  J. 
Wiley,  Vev  forte  (1971). 

Mrgudlch,  J.M.,  In  the  Encyclopedia  of  Electro- 
chmiletry .  edited  by  C.A.  Hampel,  Reinhold 
Publishing  Corp.,  Haw  York,  p.  84,  (1964). 

Shapiro,  S.J.,  "Solid  Electrolyte  Batteries," 

Proc.  Vlth  Annuel  Power  Sources  Cottf.,  May  22-2), 
1957  p.  3. 

Owens,  B.B.,  Patel,  B.K.,  Skarstad,  P.M.  and 
Uarburton,  D.L.,  Solid  State  Ionics,  9  and  10. 
(1983) . 

Liang,  C.C.,  J.  Electrochsm.  Soc.  120,  1289  (197)). 


V’V'V  v*  /  %• 

j  •  -  *  v  'j 


'J1  *  'j  •'•j*  »'* 


1 


OL/1113/86/2 


TECHNICAL  REPORT  DISTRIBUTION  LIST,  SEN 


No. 

Copies 


Office  of  Naval  Research 
Attn:  Code  1113 
800  N.  Quincy  Street 
Arl ington,  Virginia  22217-5000 

Or.  Bernard  Oouda 

Naval  Weapons  Support  Center 

Code  50 C 

Crane,  Indiana  47522-5050 


2  Dr.  Oavld  Young 

Code  334 
NOROA 

NSTL,  Mississippi  39529 

1  Naval  Weapons  Canter 

Attn:  Or.  Ron  Atkins 
Chemistry  Oi vis Ion 
China  Lake,  California  93555 


Naval  Civil  Engineering  Laboratory 
Attn:  Or.  R.  W.  Drisko,  Code  L52 
Port  Hueneme,  California  93401 


Scientific  Advisor 
Commandant  of  the  Marine  Corps 
Code  RD-1 

Washington,  O.C.  20380 


Oefense  Technical  Information  Center  12 
Building  5,  Cameron  Station  high 

Alexandria,  Virginia  22314  quality 


U.S.  Army  Research  Office 
Attn:  CRO-AA-IP 
P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 


DTNSROC 

Attn:  Or.  H.  Singerman 
Applied  Chemistry  Division 
Annapolis,  Maryland  21401 

Dr.  William  Tolies 
Superintendent 

Chemistry  Division,  Code  6100 
Naval  Research  Laboratory 
Washington,  O.C.  20375-5000 


Mr.  John  Boyle 
1  Materials  Branch 

Naval  Ship  Engineering  Center 
Philadelphia,  Pennsylvania  19112 

Naval  Ocean  Systems  Canter 
1  Attn:  Dr.  S.  Yamamoto 

Marine  Sciences  Division 
San  Diego,  California  91232 


Accession  J*cr 


. I 


o 


